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Full-Scale Lasagna Demenstration Completed at
DOE Paducah Site
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Since 1996, the U.S. Air Force bas been using
bioslurping to recover JP-5 fuel from
unsaturated soil at a facility on the island of
Diego Garcia, in the Indian Ocean. Based on
biosluzping’s initial success and subseguent
technology developments, the Air Force
Center for Environmental Excellence (AFCEE)
expanded and enhanced the system over the
past few years to encompass three treatment
areas. To date, more than 100,000 gallons of
fuel have been recovered by the bicslurping
system. Bioslurping augmented by natural
bioventing has facilitated the aerobic
microbial degradation of an estimated 250,000
pounds of fuel in the subsurface.

The subsurface along the coast of Diego
Garcia is characterized as a mixture of sand

Large-Scale Bioslurping Operations Used for Fuel Recovery
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and crushed coral rock. A fresh-water lens
about four feet below ground surface floats
on top of denser saltwater. As a result of tidal
action, the water table varies approximately
two feet, exposing the contaminant zone 1o
aeration. These conditions provide an optimal
setting for bioslurping technology, which
relies on the replenishment of oxygen for
aerobic biodegradation. The oily smear zone
created above the water table as it rises and
falls reduces the amount of floating fuel and
increases the exposure of subsurface fuel to
aerobic biodegradation.

As aform of vacuum-enhanced skimming to
collect fuel floating on a water table, a typical

[continued on page 3]
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bioslurping system consists of a vacuum
pump connected by pipes to standard fuel
recovery wells. A dip tube is placed inside a
sealed well, with the straw inlet placed in the
water/floating fuel. The top of the dip tube
connects to pipes that carry the fuel and soil
gas drawn in by the vacuum purnp. Soil gas
enters the well through a screened interval
above the water table. From the vacuum
pump, the fuel/water mixture is piped to a
separator where the fuel is removed and
collected for recycling. Vapors are discharged
directly to the atmosphere or treated, if
needed, and discharged. The bioslurping
system puils oxygen-rich air from the
atmosphere into the unsaturated soils, thus
bioventing the unsafurated soil and fostering
aerobic microbial degradation of the
contaminants, :

The first bioslurper at Diego Garcia was
installed in a grassy area near an airstrip. It
inciuded 2 vacuum pump and 1,100 feet of
4-inch PVC piping connected to six
downgradient recovery wells, Dip tubes were
placed approximately one foot into the water/
fuel during low tide. A 10-horsepower vacuum
pump operated 24 hours per day to generate
a vapor flow rate averaging 50 f¥/min. During
the first month of operation, 2,000 gallons of
fuel were recovered. Recovery rates over the
following 18 months averaged approzimately
1,000 gallons of fuel per month, Recovered
fuel was used to power water beafers for
-| other onsite operations.

In 1997, a second bioslurper was added in a
nearby aircraft ramp area. The bioslurper
employed an identical vacuum pump that was
connected through manifolds to the original
vacuum pump. Piping was installed among
ten additional recovery wells and the vacuum
pump, and connected to the existing pipe
system. Hose clamps and elastic couplers
were used for pipe connections to allow for

Figire 2. Bioshuiping resulted ini the recovery
of nearly 3,180 gallons of fuel at one of the

Diego Garcia target areas within 14 months.

rapid disassembly in the event of contingency
military activities. During the first monih of
operation, 8,000 gallons of fuel were recovered
from the combined bioslurping systems. The
recovery rate averaged 5,000 gallons per
month over the following year, when
contingency aircraft operations took effect.
During this event, the bioslurper piping was
removed and the ramp was ready for aircraft
operations within four hours.

In 2000, the bioslurping system was further
expanded to remediate all areas of the site
known to contain fuel product in the
subsurface. The expanded system involves a
total of 50 bioslurper wells, some of which are
used only as biovents in areas that do not
contain floating fuel product. Within two to
three years of operation, the thickness of the
product decreased significantly in most wells.
Between September 1998 and December 2000,
for example, the average product thickness in
10 wells in the aircraft ramp area decreased
100%, from an initial thickness of 1.26 feet.
Similarly, the volume of subsurface fuel at a
refueling pit within the ramp area decreased
more than 80% between July 2000 and
September 2001 (Figure 23.

While 25 recovery wells each contained more
than one foot of fuel accumulation prior to
treatment, only eight wells in the ramp area
had fuel accumulations exceeding one foot in

‘May 2002. None of the wells near the airstrip

contained any detectable fuel accumulation.
Overall, the rate of contaminant degradation
for this system is estimated at 1 pound of
hydrocarbon per 13 pounds of air introduced
into the soil. '

The Air Force continues to conduct quarterly
sampling in the recovery wells and semi-annual

sampling of ground water to monitor
dissolved fuel contaminant concentrations
and indicators of natural attenuation. In
addition, soil gas is field tested at selected
locations to track the degradation of
contamination in the smear zone above the
water table. The bioslurper will continue fo
operate until fuel recovery becomes
ponproductive, at which time operations will
convert to a bioventing mode until soil gas
tests indicate that aerobic degradation is
complete. Natural attenuation processes,
including tidal-mediated bioventing, are
expected to degrade the residual fuel in the
soil and the small quantities of fuel
constituents dissolved in the ground water.

AFCEE estimates that bioslurping will
remove the remaining recoverable fuel, which
exists atonly one of the three treatment areas,
by the end of 2003, AFCEE also estimates
that the technology will cost approximately
5% of the amount required to excavate and
replace the entire site with clean fill-the
alternative cleanup remedy.

AFCEE recently assembled a2 mobile diesel-
powered bioslurping system that can be used
on an operational ramp while connected to
6-10 wells. The system allows fuel recovery
from wells to continue without disruption to
air operations. In field tests conducted at the
site earlier this year, the mobile bioslurper
recovered 260 gallons of fuel within four
months.

Contributed by Jerry Hansen, AFCEE
(210-536-4353 or jerry.hansen@
brooks.af mil} and Donald Kampbell,
Ph.D., U.S. EPA/Office of Research and
Development (580-436-8564 or

kampbell donald@epa. gov)

800
700
600
500
400
300
200
100

{galions)

| T T T SR SOV N S T

Y.;s:!t %Q,Q
2000

Volume of Recovered Fued

& Qéoo @:2} ?53‘ &° & ?\fb cgaQ ‘
2001




Propane Biostimulatien Barrier Bemonstrated in MTBE-Contaminated Ground Water

Figure 3. Intrinsic MTBE coucentrations in
doitngradient test plot wells indicated that
niininal biodegradation had oceurred af the
 NBVC test site as a result of propane
* bivstimulation.
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An extensive interagency demonstration
of phytoremediation was initiated in 1996 at
the Carswell Naval Air Station RCRA site in
Fort Worth, TX. The system uses eastern
cottonwood trees, Populus deltoides, as
short-rotation woody crops to optimize in-
situ  reductive dechlorination of
trichloroethene (TCE) and cis-1,2-
dichloroethene in shallow ground water.
Results after three years of monitoring
_indicated that the planted trees had rooted
into the water table and begun to exhibit
hydraulic and geochemical influences at the
site.

Earlier this year, the U.S. Geological Survey

(USGS) and U.S. Air Force (USAF)
conducted a six-year review of the system
and found that the trees have significantly
increased biodegradation rates of TCE
beneath the center line of the plantations.
Associated with this increase in
biodegradation, or natural attenuation
capacity, is a substantial decrease in plume
stabilization distance (the extent to which
contaminants travel in the upper aguifer).
USGS modeling results suggest that solvent-
based contaminant mass flux decreases due
to in-situ microbial biodegradation will be
significantly larger than decreases due to
transpiration. A 20% decrease in mass flux
from transpiration alone during the peak of
each growing season is anticipated when
canopy closure is achieved.

The treatment area is located about one mile
from the main aircraft assembly building at
USAF Plant 4, where waste oil, solvents, and
fuels had been disposed at an onsite landfill.

Previous use of a pump and treat sysiem
and steam-enhanced vacuum extraction
addressed only some of the site’s solvent-
based source contamination. The area
encompasses 4.6 acres that were covered
primarily with grass prior to treatment. Surface
soil consists of 2 12- to 18-inlayer of silty clay
and clayey silt. Ground water is located 5-15
feet below ground surface, with an estimated
velocity of 0.62 fi/day. The underlying shallow
aquifer consists of silty fine sands and
hydraulically isofated lenses of coarser
material, with an estimated conductivity of
102 cm/sec. Prior to treatment, TCE
concentrations in the ground water
approached 1,000 ppb.

Approximately 960 trees were planted evenly
in two 60- by 250-ft plots positioned
perpendicular to the direction of ground-water
flow. The plots are separated by a 50-{t buffer
zone (Figure 4). One plot is located directly
above a former waste trench, while the second
is located downgradient of the trench. Each
plot consists of seven rows of trees planted
4.8 feet apart. A drip hrigation system was
installed and used on a regular basis during
1996, the first year of tree growth, to help
establish them during a severe drought. The
irrigation systern was used once during 1997;
since then, the trees’ facultative phreato-
phytes have used both ground water and
precipitation. Plant tissue anaiysis has
indicated that eventual disposal of the trees
as hazardous waste will be unnecessary.

Hydrologic and geochemical data collected
from 40 monitoring wells in August 1996
through September 1998 showed that

dissolved oxygen leveis beneath the trees
had decreased. This suggested that the
trees are providing a sustained source of
the electron donors needed for reductive
chlorination. Data indicate that a
combination of hydraulic control and
in-situ microbially mediated reductive

[continued on page 6]
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dechlorination is responsible for the mass £ Figure 4. Two
flux reduction. Upgradisnt Zone plantations
. encompassing 960
The USAF anticipates follow-up data L @ eastern cotionwnod
collection through 2006, which will mark CFormer TOE Source AreZ> o e
g ’ fregs were
the tenth year of tree growth. The estimated n ne [ established for the
full-scale cost for this application is Plantation #1 Carswell
$466,000. EPA’s National Risk Management 480 Trees  demonstration.
Research Laboratory is compiling detailed o o o
cost information on this project in an R Buiter 4  Zone s
innovative technology evaluation report, é'
which will be available at http:// v;teaai(tigzr T Direction of
www.epa.gov/ord. In addition, DOD will ] 5e u Gmu'gd:;vater
issue a final cost and performance report Plantation #2 1
Iater this year. If warranted by the fina} 480 Trees
results of this application, the USAF @ @
anticipates the use of phytoremediation for Downgradient Zone
other ground-water contaminants such as o~ o o
nitrates and metals.
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